sion remains uncertain, and etiological studies are hampered by inadequate understanding of when elevated blood pressure first appears. Our previous studies in children 2 to 14 years old showed that blood pressure aggregates in families and the level of blood pressure relative to blood pressures in peer groups in childhood tends to remain stable over an 8-year period.
tween 2 and 14 years of age for both sexes, we attempted to determine at what age blood pressures are predictive of later pressures and how early familial aggregation of blood pressure is detectable. An initial study indicated that maternal-infant correlations of blood pressure were detectable shortly after birth, although there was much variability in the infant measurement, as might be anticipated. 4 A larger study comparing patterns in different populations and including paternal blood pressures was undertaken. As the direct impact of relatively elevated blood pressure in infancy could be measured only by a 30-to 50-year follow-up study, this paper presents an indirect approach to the predictive value of early blood pressures on those pressures attained later in life.
Our results indicate that the familial aggregation of blood pressure that is well documented in adults and in children also is detectable during infancy. Blood pressure patterns in infancy appear to be predictive of blood pressures later in childhood.
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HYPERTENSION VOL 7, No 3, MAY-JUNE 1985 uncomplicated vaginal or cesarean delivery, mothers were invited to participate in the blood pressure screening and follow-up program. Approximately 65% of the invited mothers agreed to participate. Written informed consent was obtained, and blood pressures were measured in the infant and in one or both parents in the hospital during the first days after delivery. The Roche Arteriosonde 1010 ultrasonic device (Roche Medical Electronics, Cranbury, NJ) was used to measure blood pressures. The fourth Korotkoff sound was recorded for diastolic pressure.
Appropriate cuff sizes were used for adults, and the cuff covered two-thirds of the arm above the elbow in the neonates. Usually, the infant was examined on the same day as the mother but not in her presence. Every attempt was made to study the rieonate during sleep, but the actual condition at the time of measurement was recorded (i.e., quiet sleep, active sleep, awake and quiet, awake and moving, sucking, sitting, crying; as described by Lee et al. 4 ). The following determinations also were recorded: sex, race, arm circumference, arm length (measured with a tape measure from the acromion to the distal end of the humerus), birth weight, weight on day of blood pressure measurement, pulse rate, time of day, and type of feeding. A socioeconomic ecological score was assigned on the basis of census tract of residence; the entire state of Rhode Island is divided into census tracts of similar socioeconomic status, and these ecological estimates have been shown to correlate well with other estimates of socioeconomic status.
s Blood pressures of all available family members were measured at home visits I week and 1. 6, 12, 18. and 24 months after discharge.
Blood pressures of infants were adjusted with multiple regression methods at each visit for several variables including sleep/activity status, observer, and cuff size. The mean blood pressures at each visit were corrected to the activity state of "awake and quiet." 4 Blood pressures obtained on infants at the hospital and I week after birth also were adjusted for age in days. Mothers', fathers', and siblings' blood pressures were adjusted for age and observer, and siblings' blood pressures also were corrected for sex. At each visit residuals were obtained for the infant, mother, father, and sibling with the multiple regression models. For the sibling blood pressures, generalized least-squares methods were used in fitting these models to account for the intraclass correlation between siblings. 6 These residuals were used to calculate correlation coefficients of mother-infant, father-infant, and sibling-infant scores and also to determine the level of correlation between initial blood pressures and those obtained at subsequent visits (tracking correlation). The pairwise method was used to estimate the sibling-infant correlations. Significance tests were performed for these correlations, which accounted for the intraclass correlation between siblings. 7 The ordinary' Pearson correlation coefficient was used for estimation and hypothesis testing for the mother-infant and fatherinfant correlations. 
Results
The characteristics of the study population of 730 infants are presented in Table 1 . Preliminary analyses of some of the factors affecting neonatal blood pressure in a portion of this cohort have been published. 8 The mean infant blood pressures corrected for sleep/ activity status, cuff size, and observer are presented in Table 2 . Blood pressure increased significantly (p < 0.001) during the first 5 days of life and during the first 2 years of life, but at a slower rate (Table 2) .
Neonatal blood pressures in the hospital did not differ significantly by race, sex, type of feeding (bottle versus breast), maternal anesthesia, or Apgar scores. Also, there was no relation between infant blood pressure and socioeconomic status.
Profile of Infants Dropped or Incompletely Followed to Date
Of 730 infants with complete records entered in the cohort 554 (76%) have remained in the study with one or more follow-up visits at or after 6 months of life. The remaining 176 (24%) babies have withdrawn from the study or had not yet had 6-month follow-up visits before these data were analyzed. There were no significant differences between the two groups of infants with respect to blood pressure at the hospital visit or to sex. Twenty-one of 174 (12.1 %) of the dropouts were black, while 30 of 549 (5.5%) of the followed cohort were black (x 2 = 7.81, p = 0.005). The maternal level of education included at least completion of high school in 458 of 550 (83%) of the followed cohort and *Corrected for sleep/activity status to "awake and quiet" status, for cuff size to the infant Arteriosonde cuff (72 mm width) and for observer, with the most frequent observer as the reference.
Values are means + SD in mm Hg. The values presented are for the actual age of the infant rather than for the expected time of the visit. The hospital measurement was made on Days 1-7. The range of the 1-week visit was 8-21 days.
in 128 of 173 (74%) dropouts (x, 2 = 6.79, p = 0.009). Socioeconomic status of the followed cohort was slightly but not significantly higher than the dropout group (mean ecological score ± 1 SD = 50.7 ± 11.0 versus 49.2 ± 13.3,/? = 0.07).
Maternal-Infant and Paternal-Infant Correlations
Mother-infant correlation coefficients were calculated for the entire cohort (Table 3 ). Significant correlation coefficients (p < 0.02) of adjusted blood pressures were found for systolic pressure in 727 mother-infant pairs at the hospital visit and at 12 months after birth, and for diastolic pressure at all visits except 1 week and 12 months after birth. Father-infant correlation coefficients were less stable, possibly because of the smaller number of subjects (Table 3) .
Sibling Blood Pressure Correlations
A significant aggregation (p < 0.04) of blood pressure scores was found for siblings with infant propositi beginning at 6 months after birth. In all cases only siblings older than the propositus infant were included. Correlation coefficients for diastolic pressures were: at 6 months, r = 0.265, n = 187, p < 0.001; at 12 months, r = 0.146, n = 162, p = 0.032; at 18 months, r = 0.334, n = 111, p < 0.001. For systolic pressures significant correlation coefficients were found only at 6 and 18 months after birth (6 months, r 
Stability of Relative Rank (Blood Pressure Tracking)
The relations between adjusted blood pressures obtained at different visits over the first 24 months of life were examined by calculating correlation coefficients (tracking coefficients) and are presented in Table 4 for systolic pressures and in Table 5 for diastolic pressures. Systolic blood pressures obtained early in life were significantly related to those measured later in the first year (Table 4 ). In particular, systolic blood pressure levels obtained 6 months after birth were significantly related to blood pressures measured at 12 (p = 0.003), 18 (p < 0.001), and 24 months (p < 0.001) after birth. Diastolic pressures (Table 5) Significant tracking coefficients (p < 0.001) were found for parents' pressures for both systolic and diastolic pressures. Mothers' correlation coefficients from visit to visit ranged from 0.40 to 0.66 for systolic pressure and from 0.30 to 0.51 for diastolic pressure. Similar values for fathers were 0.40 to 0.82 for systolic pressure and 0.14 to 0.69 for diastolic pressure.
Discussion
As the factors responsible for familial aggregation of blood pressure in childhood and blood pressure tracking have not been identified, the present study was designed to determine if the same characteristics of blood pressures could be detected even in newborns.
Systolic blood pressure tended to increase during the first 2 years of life, whereas diastolic blood pressure tended to increase during the first days after delivery and then to decrease slowly during the first year of life, only to rise again during the second year of life (see Values are means (in mm Hg) and are adjusted for observer, sleep status, cuff size, and age in days (for hospital and 1-week visits). The number of subjects is in parentheses. Table 2 ). Similar levels of blood pressure have been reported from other studies, 4 -9 -1() although we report slightly higher pressures in infants 6 months of age than did Schachter et al." These values can not be strictly compared because of differences in study size, timing of blood pressure measurements, activity state of the subjects, and measurement device used. Age as well as estimates of body size markedly affect blood pressure measurements in infants. Undoubtedly, the hormonal status of the mother influences the variability during the first few days. Blood pressure also has been shown to increase with heightened states of activity. 4 The raw data in the present study have been adjusted for activity, cuff size, and observer. Blood pressure in normal infants in the hospital was not found to be related to race, sex, Apgar scores, type of feeding during the hospital stay, type of delivery, or socioeconomic status of the family. Presumably the differences related to race, sex, and socioeconomic class that are recognized in adults are destined to appear after childhood.
The familial aggregation of blood pressure appears to begin early in life (see Table 3 ). A significant correlation with maternal systolic and diastolic blood pressures (p < 0.001) was found in infants by the third day after birth, and paternal-infant correlations for systolic and diastolic pressures were present at 1 month of age (p = 0.031, p = 0.002, respectively. A significant correlation with sibling blood pressures (systolic, p = 0.011; diastolic,/; = 0.001) was found by 6 months of age in this cohort. Lee et al. 4 have previously reported a significant maternal-infant correlation for diastolic pressure in a similar sample of newborns. Hennekens et al. 12 reported significant infant-sibling blood pressure aggregation by 1 month of age. Parent-infant associations were not observed at 4 to 6 days of age or at 5 to 7 weeks of age in a large series of infants studied in the United Kingdom by deSwiet, Fayers, and Shinebourne, M but significant associations between successive measurements were observed in these infants. Schachter et al. 11 failed to find significant blood pressure correlations for children and their parents during the first 5 years of life in a smaller series of subjects.
Some of the differences between these studies may be related to methodological variations, different measuring devices, study size, and the inherent variability of neonatal blood pressure determinations. Taken together, however, the available data support the establishment of familial clustering of blood pressure early in life. These data do not allow for determination of the relative contribution of genetic or environmentally conditioned factors without further study.
Follow-up measurements of the infants in this population indicate that adjusted blood pressure scores obtained early in infancy relate significantly to blood pressures obtained later in the first 2 years of life (see Tables 4 and 5 ). Studies in older children also have reported that blood pressure tracking begins in childhood, 2 -3 -l0 l4~17 but there are relatively few follow-up studies of blood pressure levels in infants. Schachter et al." initially reported that systolic pressures measured in 166 6-month-old infants correlated with pressures obtained at 15 and 24 months but not with those obtained earlier. A more recent report on this population showed less consistent tracking in 90 children studied at all visits from 6 to 60 months after birth. 13 Although some values were not statistically significant, the serial correlation coefficients for systolic blood pressure during this period were very similar to those reported in the present study (0.17-0.33).
L1 deSwiet et al.,' 8 as noted earlier, reported a significant correlation for blood pressures obtained 4 to 6 days after birth with those measured 5 to 7 weeks after birth in 391 infants. Levine et al. 19 have reported that systolic and diastolic pressures measured 6 months after birth were significantly related to pressures taken 1 year after birth in a group of 60 infants.
Together, these data support the concept that blood pressure status is relatively reproducible in infancy (beginning at 6 months of age). These low but statistically significant correlations do not necessarily predict higher blood pressures later in life. The correlations between successive measurements have been shown to be somewhat higher later in childhood 3 and to become still greater in adulthood, where they approach coefficients of 0.6 20 21 Familial correlations, on the other hand, seem to be relatively stable with respect to age. This peculiarity of the data may be due entirely to technical considerations, such as problems of variability of measurement at younger ages, or may indicate a biological "hardening" of blood pressure status with time.
The results of the present study raise the possibility that blood pressure measurements in infancy bear a significant relation to the future health of the infant. Obviously, more clinical and epidemiological studies are needed to determine the full extent to which blood pressure measurements in early life predict the development of hypertension and other cardiovascular disease.
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